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Bacterial Secretion: Pore Properties of the Type III System Translocon
Beau Wager, Eric Faudry, Ina Attre´e, Anne H. Delcour.
Bacteria exhibit a variety of secretion systems to export polypeptide substrates
into the extracellular medium or inside eukaryotic cells. The type III secretion
system (T3SS) is a needle-like proteinaceous appendage used to directly inject
cytotoxins into host cells. The T3SS is comprised of about 25 different proteins
spanning the bacterial cell envelope and the host cell cytoplasmic membrane. In
the human pathogen, Pseudomonas aeruginosa, the PopB and PopD proteins
are believed to assemble as a channel-like conduit, or translocon, in the host
cell membrane for delivery of the cytotoxins in the host cytoplasm. PopB
and PopD were shown to insert in the membranes of cells and artificial lipo-
somes, where they cause permeabilization, but direct evidence of their channel
function has been lacking. Here we have used the planar lipid bilayer technique
to investigate the pore properties of purified PopB and PopD proteins in azolec-
tin bilayers. PopB and an equimolar mixture of PopB and PopD readily insert
into artificial bilayers. Once inserted, channel activity occurs in bursts of open-
ings to various conductance levels. The activity is polarity dependent: very few
openings are observed at voltages that are negative on the side of protein addi-
tion, and the channels inactivate rapidly as the voltage is switched from positive
to negative. At positive voltages, channel activity is robust and voltage-depen-
dent. When the PopD protein alone is added to the bilayer, little channel activ-
ity is observed, which may be due to a reluctance to insert and/or an intrinsic
lower open probability. The properties of the channels formed by PopB,
PopD and PopB/D mixture are compared in various conditions.
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Endocannabinoid Inhibition of Ion Channels of Pancreatic Beta Cells
Charles Spivak, Ma´ire E. Doyle.
The secretion of insulin from pancreatic beta cells is regulated by many factors,
chiefly the plasma glucose concentration. Glucose initiates a chain of events
that raises the ATP:ADP ratio within the cell. When the K(ATP) channel is in-
hibited by this increased ratio, the cell depolarizes, calcium action potentials
ensue, and the raised cytosolic calcium concentration leads to exocytosis of
insulin secretory granules. Preliminary evidence from our lab indicates that
endocannabinoids are negative regulators of insulin secretion, and we previ-
ously demonstrated that the endocannabinoid 2-arachidonylglycerol (2-AG) in-
hibits sodium, delayed rectifier potassium, and high voltage-activated (mostly
L-type) calcium channels at low micromolar concentrations in the insulinoma
cell line R7T1.
In the R7T1 cell line, inside-out patches (þ60 mV) displayed unitary currents
of about 4.2 pA and various multiples, which were identified as K(ATP) chan-
nels by being nearly completely inhibited by 1 mM ATP. 2-AG inhibited the K
(ATP) channel with an IC50 of 1 uM. This block was irreversible, even in the
presence of lipid free bovine serum albumin. To test whether the block by 2-AG
were mediated by the CB1 receptor, the CB1 antagonist AM-251 (10 uM) was
added to the pipette solution. Though a >95% antagonism was predicted, no
effect of the AM-251 was observed, suggesting that the CB1 receptor did not
mediate the 2-AG blockade. This block was evident in current clamped (perfo-
rated patch) primary mouse beta cells, which showed a small (2.5 mV median)
but consistent depolarization in the presence of 10 uM 2-AG. Moreover, the de-
polarization induced by 10 mM glucose was blunted by 10 uM 2-AG, evidence
that the ion channel blockade seen in the insulinoma cells can apply to primary
beta cells.
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Dynamic Study of Ceramide Channels with a Microfluidic System
Bing Sun, Chenren Shao, Don L. DeVoe, Marco Colombini.
A novel microfluidic system enabling effective and robust dynamic perfusion
of reagents directly to an on-chip phospholipid bilayer membrane was devel-
oped to study membrane channels. Here we report its application to the study
of the dynamics of ceramide channels. The microfluidic system consists of
a planar phospholipid membrane (PPM) formed across a 60-100 mm diameter
aperture in a polyvinylidene chloride film formed within a thermoplastic poly-
carbonate substrate containing a microfabricated fluidic network. The volume
of the network before the aperture is 2.3mL and the chamber beneath the aper-
ture is 20nL. Constant pumping rates up to 5mL/min can be used without dis-
rupting the fragile membranes and so the solution bathing the membrane can
be completely replaced in less than 1 minute. Transmembrane current is mon-
itored continuously under voltage-clamp conditions. For ceramide channel ex-
periments, the membrane-forming solution was 5 mg diphytanoyl PC, 5 mg
asolectin, 0.5 mg cholesterol, 0.13 mg C16-ceramide in 1 ml of hexanol/hexa-
decane (v/v 10:1). The sphingolipid, ceramide, self-assembles into large chan-
nels in phospholipid membranes and is known to play an important role inapoptosis. In our studies, channel dynamics were observed by inducing disas-
sembly and reassembly of ceramide channels formed spontaneously in the
PPMs. Perfusion with La3þ resulted in rapid disassembly. Channel reassembly
occurred after washing away the La3þ using EDTA. Multiple cycles of disas-
sembly and reassembly could be performed on the same membrane. Similar
studies were performed by perfusing in Bcl-xL, a potent apoptosis inhibitor.
Bcl-xL disassembles the channels rapidly but the reassembly is slow. The re-
sults are consistent with ceramide channels existing in equilibrium with ceram-
ide monomers or aggregates in the membrane and this equilibrium can be
shifted by interaction with chemical agents. Supported by grants from NIH
(R21EB009485) and NSF (MCB-0641208).
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Voltage-Gated Sodium Channel Nav1.7 Maintains the Membrane Poten-
tial and Regulates Chemokine-Induced Migration of a Subpopulation of
Monocyte-Derived Dendritic Cells
Peter Hajdu, Katalin Kis-Toth, Ferenc Papp, Attila Szanto, Edit Posta,
Ildiko Bacskai, Peter Gogolak, Orsolya Szilagyi, Eva Rajnavolgyi,
Gyorgy Panyi.
Expression of CD1a protein defines two human dendritic cell (DC) subsets with
distinct functions. We aimed to study the expression of the Nav1.7 sodium
channel and the functional consequences of its activity in CD1a- and CD1aþ
DC. Single-cell electrophysiology (patch-clamp) and Q-PCR experiments per-
formed on immature sorted CD1a- and CD1aþDC populations showed that the
frequency of cells expressing Naþ current, current density and the relative
expression of the SCN9A gene encoding Nav1.7 were significantly higher in
CD1aþ cells than in their CD1a- counterparts. Down-regulation of Nav 1.7
expression accompanying DC maturation is abolished by increasing cytosolic
Ca2þ concentration using ionomycin and thapsigargin or inhibiting the NF-
kB-pathway. The activity of Nav1.7 results in a depolarized resting potential
(8.7 þ/- 1.5 mV) in CD1aþ IDCs as compared to CD1a- cells lacking
Nav1.7 (47 þ/- 6.2 mV) or mature DCs used as controls with reduced
Nav1.7 expression. Silencing of the SCN9A gene shifted the membrane poten-
tial to a hyperpolarizing direction in CD1aþ immature DC resulting in de-
creased cell migration, similarly to the pharmacological inhibition of Nav1.7
by TTX. The control of IDC function by a voltage-gated sodium channel
emerges as a new regulatory mechanism modulating the migration and other
responses of these DC subsets.
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Ion Channel Currents in the Gigaseal are Visible and have Altered
Kinetics: A Finite Element Model
Chilman Bae, Vladislav S. Markin, Frederick Sachs.
The ability to form gigaseals is essential for patch clamp, but the physics of how
membranes form gigaseals cannot analyzed spectroscopically because the seal
region is too thin. However, ion channels located in the seal can produce meas-
ureable currents that contribute to patch recordings and potentially their kinet-
ics can elucidate properties of the seal. We modeled the seal using a finite
element simulation of the 2D cable equation with the membrane (resistance
and capacitance) as one side and nonconductive/noncapacitative glass as the
other, and a resistive and diffusive aqueous solution in between. The channel
current was calculated as I=g0*C (x,y)/C0*(V(x,y)-Vr) where g0 is the free
channel conductance, C0 is the solution concentration of the source permeant
ions that yields g0, C(x,y), and V(x,y) are respectively the concentration of
source permeant ions and the potential at position (x,y),and Vr is the reversal
potential calculated from the Nernst potential. Simulations showed that to ob-
tain 10 GU seals, conductivity of the seal space had to be <1/10 that of
100mMKCl, probably via increased viscosity. Steady state single channel cur-
rents decrease remarkably slowly down the seal so they contribute to observed
patch clamp recordings. Rise times of single channel seal currents are slower
the free channels due to capacitance and accumulation depletion of permeant
ions. Because of the variation of voltage with channel location, voltage-depen-
dent channels in the seal will exhibit different gating kinetics from free chan-
nels with shifts in the midpoint and reduced steepness of the gating curve.
Changes in seal anatomy for any reason such as drug treatment will alter ob-
served channel kinetics.
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Functional and Molecular Characterization of Katp Channels in Fibro-
blasts from Normal and Infarcted Hearts
Najate Benamer, Carolina Vasquez, Karen L. Louie, William A. Coetzee,
Gregory E. Morley.
Fibroblasts represent a major cell type in the heart and are essential for myocar-
dial function. KATP channels activity has been shown to increase with in vitro
differentiation of fibroblasts into myofibroblasts. The hypothesis of this study is
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broblasts. Fibroblasts were isolated from left ventricles of normal (CON) and
infarcted adult rat hearts. Fibroblasts from infarcted hearts were separately iso-
lated from scar (MI-S) and remote (MI-R) regions. Experiments were per-
formed within four days after isolation. qRT-PCR and Western blot were
used to determine the expression of KATP channel transcripts and subunits.
The mRNA levels were normalized to actin. The expression of functional
KATP channels was evaluated using the whole cell patch clamp technique in
the presence of pinacidil (100mM) and glibenclamide (10mM). SUR2 mRNA
levels were significantly increased in MI-S compared to MI-R (220%;
p=0.006) and CON (214%; p=0.013). Kir6.2 mRNAwas elevated in MI-S com-
pared to MI-R (148%; p=0.025) and CON (121%; p=0.022). The expression of
Kir6.1 mRNA was not different in MI-S compared to MI-R or CON. SUR1
mRNA was not detected in MI-S or MI-R (n=4). Protein levels for SUR2b
(98%) and Kir6.2 (92%; n=2) were elevated in MI-S compared to MI-R. In
MI-S, pinacidil activated a Kþ current (30.44 5 7.46 pA/pF at 50 mV;
n=10) that was inhibited by glibenclamide (p=0.005). Pinacidil activate no cur-
rent in MI-R or CON. Our data demonstrate that KATP channel subunit expres-
sion and pinacidil-induced current is upregulated in cardiac fibroblasts in
response to myocardial infarction. These changes are limited to the region
within the infarct scar. Modulating KATP channel function may represent
a novel approach for the treatment of myocardial ischemia.
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Voltage-Gated Ion Channels are Involved in the Signaling Pathway of
Differentiating Chondrocytes
Zoltan Varga, Adam Bartok, Gyorgy Panyi, Roza Zakany, Tamas Juhasz,
Csaba Matta, Janos Fodor, Beatrix Dienes, Laszlo Csernoch.
Chondrocytes, the matrix-producing cells of cartilage, are non-excitable cells,
yet in their mature form they are known to express voltage-gated ion channels.
We investigated the signaling pathway and the involvement of plasma mem-
brane ion channels during the early steps of chondrogenesis.
Our in vitro chondrogenesis model system is a high density mesenchymal cell
culture, in which chondroprogenitor cells are isolated from limb buds of
chicken embryos. These cells spontaneously differentiate into chondrocytes
mostly on the second and third days of culturing and secrete a significant
amount of cartilage-specific extracellular matrix by the sixth day.
Using whole-cell patch-clamp, RT-PCR and Western blot experiments we de-
tected the presence of voltage-gated Kv4.1 and Kv1.3 Kþ channels and Nav1.4
Naþ channels in these cells. The expression levels of Kv4.1 and Nav1.4 peaked
at the critical days 2 and 3 of differentiation, whereas the level of Kv1.3 showed
a gradual increase during the six days. However, unlike the other two channels
Kv1.3 was not present in the plasma membrane.
By confocal microscopy we detected high-frequency, short-duration Ca2þ tran-
sients in these cells that were sensitive to the external Ca2þ and Kþ concentra-
tions and tetraethylammonium (TEA, Kv channel blocker). Application of
TEA, but not tetrodotoxin (TTX, Nav channel blocker), significantly reduced
the frequency of Ca2þ transients, cartilage matrix production (assessed by
metachromatic staining), cell proliferation, and the protein expression of the
transcription factor Sox9, while it did not affect cell viability. Patch-clamp
measurements showed that TEA also depolarized cells, whereas TTX had no
effect on the membrane potential.
Our results indicate the operation of a complex signaling pathway during early
chondrocyte differentiation, which heavily relies on the function of Kv chan-
nels to stabilize the membrane potential for adequate Ca2þ signaling and the
progression of chondrogenesis.
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C. Elegans CLHM-1 expression Induces an Evolutionarily Conserved
Voltage- and Ca2þ-Dependent Ca2þ Permeability
Jessica Tanis, Zhongming Ma, Predrag Krajacic, Liping He,
J. Kevin Foskett, Todd Lamitina.
Recently Calhm1 was identified as a member of a novel family of integral
membrane proteins in neurons and a polymorphism in Calhm1 was linked to
certain forms of late-onset Alzheimer’s disease. While this suggests a potential
role for mutant Calhm1 in disease, the biophysical characteristics and physio-
logical function(s) of the 6 human Calhm family members are unclear. C. ele-
gans expresses a single Calhm gene, clhm-1, which is 16% identical / 28%
similar to human Calhm1. CLHM-1 is expressed in excitable cells, including
neurons and body-wall muscles. Loss of clhm-1 caused an uncoordinated
movement phenotype, while over-expression in the body-wall muscles caused
embryonic lethality in C. elegans. To determine if C. elegans CLHM-1 exhibits
functional properties similar to human Calhm1, we expressed C. elegansclhm-1
in Xenopus oocytes and performed two electrode voltage clamp experiments.
Expression of clhm-1 induced an outwardly rectifying, voltage-sensitive cur-rent. Voltage-dependent activation was shifted towards hyperpolarized volt-
ages following removal of extracellular Ca2þ, suggesting that extracellular
Ca2þ normally inhibits CLHM-1 function. C. elegans CLHM-1-induced cur-
rents were relatively non-selective among monovalent cations, with Ca2þ
selectivity PCa : PNa = 3.6, and with significant Cl
- permeability. CLHM-1 cur-
rents were inhibited by gadolinium, ruthenium red and Zn2þ, while specific
blockers of voltage-gated Ca2þ channels, connexins and NMDA receptors
had no effect. Our analyses demonstrate thatC. elegansCLHM-1 exhibits func-
tional properties similar to human Calhm1, indicating that function of the
Calhm gene family members as ion channels or regulators of ion channels is
evolutionarily conserved from C. elegans to humans. Thus, study of C. elegans
CLHM-1 can be used to further characterize this protein family which may
function to regulate intracellular calcium levels and/or cell excitability.
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Vacuolar Hþ -ATPases and Voltage-Gated Proton Channels: Two Electro-
genic, Proton-Selective Membrane Transport Mechanisms Co-Existed in
Osteoclasts
Hiromu Sakai, Yoshie Moriura, Junko Kawawaki, Shino Hashimoto,
Miyuki Kuno.
The vacuolar-type Hþ-ATPase (V-ATPase) is an electrogenic Hþ pump that is
distributed widely in living organisms. Voltage-gated proton channels (Hþ
channels) are found in many types of cells including phagocytes. Although
their transport mechanisms are distinct, both depend on pH and voltage and
share the outcomes, intracellular alkalinization (extracellular acidification)
and hyperpolarization. So far, V-ATPases and Hþ channels have been studied
separately in different cells, using the different approaches under different con-
ditions. V-ATPases and Hþ channels are expressed in the plasma membrane of
osteoclasts, multinuclear bone-resorbing cells, which allowed us to investigate
the two electrogenic Hþ transfer mechanisms quantitatively under the same
conditions. The current-voltage relationships of the V-ATPases are linear
and outward currents were maintained even when the extracellular space was
more acidic than the cell inside. Protons flowed through the V-ATPase contin-
uously. In contrast, Hþ channels were silent at voltages lower than the thresh-
old. However, once it opened, the Hþ channel current surpassed the V-ATPase
current. Consequently, the profile of Hþ efflux was composed of two phases,
one dominated by the V-ATPase and the other, by the Hþ channel. Inhibition
of V-ATPases by bafilomycin was often accompanied by decreases in the Hþ
channel current. These results suggested that the V-ATPase and the Hþ channel
work over different ranges of pH- and voltage-gradients across the membrane
in single cells and co-regulate the pH environments of osteoclasts.
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Structure-Activity Relationships of Influenza a M2 Inhibitors
Steven M. Kearnes, Steven Herron, David D. Busath.
The M2 proton channel of influenza A has become resistant to the traditional
antiviral drugs amantadine and rimantadine and is a high-priority target for cur-
rent rational drug design efforts. Recent studies have revealed the interior of the
wild-type channel as the primary binding site for amantadine and related anti-
viral compounds. We have extracted from the literature a set of 291 amanta-
dine-like compounds with experimentally determined antiviral activity.
Generating stereoisomers and alternate protonation states for each of these
compounds gave a dataset of nearly 1,000 unique structures for in silico anal-
ysis. The binding energy and conformation of each structure were predicted us-
ing the AutoDock Vina molecular docking program with a recently determined
structure of the wild-type channel. In addition, each structure was characterized
by additional features, including molecular weight, charge, surface area, vol-
ume, and individual components of the Vina scoring function. Comparisons
of these calculated values to the experimentally determined activity of each
compound will inform future studies seeking to develop new M2 inhibitors.
504-Pos Board B304
Acid Sensitivity and Amanatadine Block of Influenza a M2 Channels in
Folded Bilayers
Viksita Vijayvergiya, Matthew Robertson, Mukesh Sharma,
Timothy A. Cross, David D. Busath.
Understanding of ion channel function involves assignment of channel trans-
port activities to constituents, to their arrangements and to membrane condi-
tions. One strategy for identifying the structure function relationship is
reconstitution of protein in planar lipid membranes. Reconstitution of M2 pro-
tein has been reported in the past using lipid vesicles and measuring the proton
flux at different pH. Also, single channel conductance measurements were
reported based on studies with decane inflated planar lipid bilayers at low pH
where amantadine sensitivity was low. The present work reports the proton
conductance of Influenza A M2(22-62) in a bilayer (275 pF) folded from
